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STRONG SUMMABILITY OF FOURIER SERIES AND 
THE SERIES CONJUGATE TO IT 

By Pramila Srivastava 

(Department of Mathematics Allahabad University) 

Read on November 6, 1957 

1.1. Let /(O be a periodic function with period lir and integrable (L) over 
(-.TT, tt) and let the Fourier series of /(O be 

oo 

“[“ 2 COS fit I ■ Sin nf) 

n=i 

= ^A.(0. (1) 

n=l 

Then the conjugate series of f(t) is 

©o 

Z (bn COS nt — sin nt) 

n=i 

( 2 ) 

• «*=1 

We write 

/ /.N {/ + 0 “t" / 0 2 f(pc) } 

9 (.0 7' r ~ 2 ' ’ 
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e(t) 


It J u 


and suppose throughout that t>o. Evidently the Fourier series of 0(r) and 
^ (t) are respectively 


and 


eo 

ia. —fix) + 2 ; A, (jc) cos Mt, 




00 

S B« (x) sin nh 


fltsl 


We also write 


<P<.(r) = |r^ / ^ du,a> 0, 

» 

^,(0 =<^( 0 , 

. -^.(0 = J ’(« + 1 )^‘<*><.( 0 , 

for a>o. We employ lFaO)'and ^^#(0 with similar morning. 

1 .2. Strong summability of order unity was defined as early as in 1913 by 
Hardy and Littlewood* in context with Cesiro sununation of Fourier series. 
The definition was extended to positive orders m general by Winn^ in 1933. 
But the results obtained so far concerning strong suaunabiliW of Fourier series 
or the series conjugate to it are mostly confined to the case of unit order, that is 
summability [C, 1; k]. The object of this paper is to study strong smnmability 
of Fourier series (1) and the conjugate series (2) for general positive orders. It 
has also been recently shown that strong Cesiro summability [summability (C, 
o; h)] is equivalent to strong Rieszian summability of type « (summability (R, n, 
a, k), A: > 1]. “ Because of this fact we work with summability [RJ through* 
out instead of summability [C]. 

1.3. Definition 1 .*' series Sc^ot the sequence is said to be 
strongly summable (C, a) or summable [C, a], where a > 0 , to sum s, if 

=o(n), 


as « -»> 00 , ff/, r > — 1, denoting C^ko’s partial mean of order r. If inst^ 
il I — 5 1 » = 0 (w). 
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ttie series is said to be summable [C, aj with index p, or simply summable [C, a;p] 
imttmg O for o we get the corresponding definitions for boundedness. Also 

^ I I” = o{nx in)}. 


as « -> CX3, is expressed by 

= o {X (n)} [C, a; p]. 

Definition 2 The series Sc„ is said to be strongly summable (R, A„, a), 
or summable [R, A„, a], a > o, to sum if 

dx = oi<o)* 

as to CX3, where C\’^(x) denotes Riesz’s mean of order r > — 1, type A„, A„ being 
a positive steadily increasing function of n, tending to infinity with n. If 

J I Cx“-i (jc) — 5 1® tix = o (to), 

the series is said to be summable [R, A„, o, p\. Again, putting O for o in the above 
we get the corresponding definitions for boundedness. Further, 

i:c» = o{X(n)}[R,A„,a,p] 

is supposed to denote 

/|Cx“-M:«)|*^?^ = o{toX(to)}, 


as CO oo. 

1.4. The result of Hardy and Littlewood gives: 

Theorem A *.—Jf f (t) is of integrable square in the neighbourhood of x and 

/ {4> («)}* du = o it), ^ 

0 

os t 0 , then 

j? I s„ - s I® = 0 (n), 

«S30 

OS n -»■ oo, that is to say (1) is summable [C, 1 ; 2] at the point t = x to sum s= f (x). 

Generalisations of this theorem were given by Carleman’ and Sutton.®" 
Again in 1927, Hardy and Littlewood^^. established the following theorem, 
which as they term it, ‘ has more the air of finality’. 


* The lower limit may be any finite positive number. In such cases, here and elsewhere, 
we omit the lower limit. 
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Theorem ^f(t) belongs to the class L\ t> I in the neighbowhoad 

of X, 

OAt)^o(t) 


and 


^/(0 = fl^(«)N«“O(0 

as t -> 0 , then the series (1) is smvmble [C, 1 ; k] a/ the point to stmt (x). 

In case /•==!, they showed later that even if O is replace by o, l.«.i (0 

= 0 (f), as r -»■ 0 , then 

2] A, (0 = o j (log nf>* J [C, 1 ; /fc], (i) 

at the point t = x, at any rate when k <2, and that this is the best possible esti- 
mate [12, Theorems 1 and 3]. Later Wang established: 

Theorem C.*®t — If for some a > §, 



then the Fourier series (1) of f (t) is stonmable [C, 1 ; 2] to sum f (x), at t «<* x. 

Theorem 1 of the present paper is an extension to summability [C, a + i ; 
k] of Theorem B. Theorem 2, similarly, extends Theorem C. Theorem 3 is con- 
cerned with asymptotic estimate of a nature similar to (i) of the above, applicable 
to positive order summabiUty under more general conditions. Theorems 4, 5 
and 6 give the analogues of Theorems 1, 2 tmd 3 for the coiyupte series. 

■ 1.5. A number of theorems is known connecting summability (C, ^ with 

the behaviour of the Cesko means <Pa(0 of the function O (t). One of these 
gives that if (f) = o (1), as t -> o, then the Fourier series (1) is summable (C, 
p>a\ But when we consider strong Ces^ro summability, Theorem I indi- 
cates that under this very condition, (1) is summable [C, « + 1 ; ifc]. And thus 
throws more light than the above for summability (C), because it is known that 
[18, Theorem 7] summability [C, a + 1 ; k] for all k (finite) includes summabiUty 
(C, S), 8 > a. 

The first attempt, in the direction of the converse problem of determining 
the properties of (t) from the summability [CJ of the Fourier series, is due to 
Bosanquet who shows that if the series (1) is summable [C, I] at I •=» x, then 4s (t) 
0 , as t o, for 8 > 1 [2 Theorem 1]. He also proved the corresponding result 
for the conjugate senes [2, Theorem 2]. Later using Riesz’s arithmetic mean, 
he gave another theorem which is to the effect that if (1) is summable [R, i», o),$ 


t The correspoodfog result for theconjugate series has been given by Singh <17). 
t In view of the Definition 2, above. 
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or simply summable [C, a], a > 1, at f = x, then (t) = o (1), as t -> o, for 
8 > o [4, Theorem 6]. We extend this and show in Theorem 7 that it will remain 
true even for a > o. Theorem 8 is the analogue of Theorem 7 for the conjugate 
series. 

My warmest thanks are due to Dr. B. N. Prasad for his helpful guidance during 
the preparation of this paper. 

2.1. We establish the following theorems: — 

Theorem 1§. — ^If, for r > 1, 

« 0 

and 

/ <f>a. («) du = o (t), 

0 

as t->o, then the series (1) is summable [R, n, a + 1, k] at the point t = x m sum 
f(x). 


Theorem 2— If, for some P> h 



as t-^o, then the series (1) is summable [R, n, o + 1, 2] to sum f (x) at t = x. 
Theorem 3.* — If, for 



as t ->• o, then 

27 A« (0 = o {(log [R, «, o + 1, 2], 
(md when P — — h 

27 A, (0 = o {log log n} [R, «, a + 1, 2]. 
Theorem 4. — If, for r > 1, 

^a'it) = i\M)Ydu==0(t), 


§ While preparing the manuscript, I have come to know that this theorem was also proved 
by Takahashi, vide Jap- Jour. Math., 1934, 11, 213-21. But the proofs given by us are quite 
different. 

^ ♦ For a 0, p ^ 0, the theorem was given by Hardy and Litflwood [12, TheorejH l]^ 

pi4 for « = 0 , ^ > 0, see Chqng (8 /Lemma, p, 408), 
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and 


i^Au) = o{t), 


as t->o, then the conjugate series (2) is summable {R, n, a + 1, k] to the stm s at 
the point t = x, provided B(t) -*■& (C).t 

Theorem for some i3 > i, 


t 



as t -> o, then the series (2) is summable [R, n,,a + 1, 2J to the stm 8, at the point 
t = x, provided «(t)->s(C). 

Theorem for p> — 



os t -> o, then the sequence 

{n B„ (0} = 0 {(log [R, «, a + 2, 2]4 
and when j8 = — 

{» B„ (0} = o flog log n) [R, B, a + 2, 2].§ 

att = x. 


Theorem l.—If a > o, and (1) is summable [R, b, a] to stm f(x), alt «. x, 
then ^5 (t) o, as t -> o, for every 8 > a. 

Theorem i.—If a > o, and (2) is summable {R, n, a] to sum %, at x, then 
h (t) 0 , os t o, for every 8> a and s is the limit as t -->■ o of 0 (t) by some 

Cesbro mean. ■' ' ^ 


z.z. It IS convenient to gji 
will be employed in the sequel. 


fTV avi,|I4AA^ 


/a (jc), y« (x), (x) and (x), 

where ' 


ya (x) + iya (x) - K« (x) = /(I - t)^^e***dt, 

t 9 (f) s (C) signifies that some Ces4ro mean of 9 (/) tends to s' as f -*■ <?. 
} I.e. 2>B, = 0 {n(logn)*P+i} [R,«,o + |, 2 ]. 

I J. f, [R.n,« + l,2j. 
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a > o, and 




(- 

r(l+A-a)r(a+l) 

xK^^*^Hxt)dt, 


oo 

/(t-l)-* 


h being the greatest integer not greater than a, and /3 ^ a > o. 

It is known that these functions and their derivatives are bounded for x> o, 
and that for large x 

i gi(»-iira) / 1 \ / 1 \ 

K. w = i + r (.) + o (jJa) + o (i) . 

while asjmptotic expansions for the derivatives of ya(x) and y«(x:) are obtained 
by formally differentiating the above formula [3; § 1.3]. In particular it may be 
noted that, for A an integer, 


(X) = O {(1 + ;c)-*"in(a.A+a)}, 


and 


(x) = O {(1 + x)-“‘“ [5 ; § 2.1], 

And, for large x, 

jr . M _ »• , -Td + ^ 1 .IV 

W x^rll + a) ;ci+^-» ® 

[3; § 1.3]. 

2.3. We require a number of lemmas given below for the proofs of our 
dieorems. 


Lemma 1 [3, Theorems I and 3].— For a^o, 

A-d («i) = to J 4>a (ft) Ja“ (“«) du + O (1), 

as to ->oo, where A* (to) denotes the (R, n, a) mean of the series 2^ A„ (t) of t = x. 
Lemma 2 [3, Theorems 1 c and 3t?].— For o. 

P)» («) = « f («) ~ (««)^ ^ + 0 (1)» 
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as a» -> cx), where (w) denotes the (R, n, a + 1) mean of the sequence {n (t)} 
ati = \, that is to say 

B* (^) “ B Bfl (co — «)*. 

n<0 

Lemma 3 [18; Corollary 2 to Theorem 8]. — If the series be summahk 
(R, n, 1), for some 1, then a necessary and siMcknt conditim that £ c„ he sumnahle 
[R, n, a, k] is that the sequence {nc«} should he summable [R, n, a + 1, k] to the 
sum zero, that is to say 


»<W 


Vw «o{X), 


as X->oo. 

Lemma A.— A necessary and sufficient condition that S B„ (t) should sum- 
mable (C) to s is that 6 (t) -> s (C), as t->o. 

Lemma 5 (See § 12-42 and § 12.43).— (T f (x) belongs to L** and g(x) 
to L®', where p > 1 and 1/p' + 1/p' = 1, then 

(i) j I m gix)\dx^a\f(x) 1® dx)yp a\g(x)\ p'dxy>^\ 
and if f (x) and g (x) belong to U, where p > 1, then 

(ii) [ J i/(x) + g (x) r dxr” < [ J- \f(x) r dx^^ + ( j ^ w r ■ 

Lemma 6 [24; § 12-41].*— .(/'f(x) be a real Junction, perioffic with period 2sr, 
belonging to L®, 1 < p < 2, then 

[ s^dw 1 rf(.x) 'J,” :: dx i®']‘/®'< c [ p* 1/(0 1® dtr% 
where C is a constant. 

Lemma 7. — 


(0 

0 110 

ll0 H0 

H0 1(0 


f ■Jh]* i» n^odj^ed fotn^ of fhe theorent given thetf, 
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and 




(ii) J* J* ^ (0 dt dv 


0 110 




x/w l/W 

S 




Il0 1/W 

Proof of Lemma 7. — ^We have 

w 5 


/I/ 

0 ito 


, Sin . 
8it)—^dt 


$ a 


2 




// / sin vt sin vu dv dt du 


say. Now 


1/W 110 

= 1, 

d a 


I = i ^ X dtdu ^ {cos p (« — 0 — cos >» (« + ^)} dv 


110 1/W 


a a 


I J j’ g(i)g(«) smcu(K-0 ^^^^^ 


rw M — r 


i/w H0 


a a 


1 r f g (0 g (“) sin w (II + 0 

2 J J tu u-^t 


ll0 ll0 


= "2^h-h}. 


ll» f i : •:■ . 


53 


say, and 
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= c?Mdt r 0 

J t ’* J U u+t 

lH* tlw 

J U J ( II + 1 


xi» 

B 


2 j* sf> * J !i5.?i±-;) *. 

IM xia 


Therefore, since 

_L_ = >/i L.I 

u(u + t) t Xu M + f j ’ 


< 

llw 


u + i, 


J A J* g(u) sin a. (m -4- 0 |i 

xtta tf<a 

l/ca 

I sin « (h + 1) I fihi 

Uu Utt 

l/« ll0- 


Similarly for Jj, since 


u{u — t) t\u—t uf' 

» t 

f J ^ («) sin CO (M - r) ( ^ 

llta ^ 

1/07 1/07 

»!» ^ 
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'* ^ 

cos vt cos vu = i [cos 1 / (m + f) + cos v{u- 0], 
and therefore, 

(a 

/ cos Vf cos vudv = i ^ sin co(u + t) sin w (« - t)\ 

, 2V u + t ;• 

Now the estimates for and again, give the required result. 

Lemma 8 (14; p. 582, § 383).— Tjf the periodic function f(x) be mmnable in 
(- w, n) and g (x) be of bounded variation in the finite interval (a, then / g (x) 

S-Sf ‘eries. mi applyi^ 

S>o.'Ti£^ 

convi^^ i7c„ is summable [C, k], then Sc^rr^ for 8> k, is Mutely 

-Pwo/.— Since w sumi^ble [C, k], i.e., summable [R, n, k], the series Sc n- 
, ^ summable j R, « A:( by Lemma 9, that is to say summable ( C k\ — 
because of equivalence of summabilities I C, a I and I R, / a I is and ' an 
application of a theory due to Kogbetliantz [16; Theorem 4] gives^th^c n-“ 
for 8 > fc IS absolutely convergent. ^ ^ 

• Proof of Theorem 1. — For summability [R, «, a 4- 1 kT hf th» Fniir:» 
senes (1) at f = x to sum/(x), by Lemma 1, it Ul suffice to slSw thT 

i I J (w) Jo* («*m) (hi -j- o (1) (* dot = o (X), 


as X oo. We write 

V pita 7} 

/ («) Jo“ du = ( / +JJ («) J^« (cu) du = Ij (to) -f Ij (i^), 

say. Then, by Lemma 5 (ii), 

[ / I <“ / («) Jo“ (wM) du + 0 (1) ptfw]!'* 

< [f I toll (to) I* t/to]i/» 4- [ J I cola (to) pdco[i/*’ + [ / o (1) dtoji/*. (3.1.1) 

Hence, it^l be sufficient for our purpose to s}iow each of the (erms of the exores- 
§iOu on the right of (3.|.|) to be i xu» ui me expre§. 
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Now, as J«“(«)h) and {J«“(tou)}/ are bounded, integrating by jmrts 

I3, (to) =1 O Cf^a («) V (»“) M ”1 0 (“) ^ «• 

® • 

= o(^+o^*) 

\(0 M/ 

by hypothesis. Therefore 

X K 

j I toll (o>) I d«» “ J 0 (1) 

» 0 (X). 


Since, for large tou. 


J„“(tOM) 


sin (toM - 
tou 


ira) 



sin tou cos na 
tow 


cos tow sin wo _ 

T* M 

<011 



9 


we have, by Lemma 5 (ii), 


[ J I <"I2 (<“) I *’dto]^^*= 


pi Of 

+( A I 

ptm 

p(0> 

= l2,i + Is.a + I».*> 


say. For Ij,*, we observe that, by Lemma 5 (i), 

plw 

fin »i9 



Hence 
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u/w 

p/ft) 

-[(rfxoKri 

“°(7) 

ce 


O (X^/* • = o (X^'*), 


making /> -> oo. 
We write 


, . . sm <o« . 

(«) “« 

p/ft) 

7J pICJ 

sin (ou , r ^ \ sin oj 


from which we obtain 


^ ( / 1 j" *• * r ‘'"r 

pX 

X p/ft) 


= I'l. + 
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HO “5i® * ** ‘h® better 

IS the result our thwrem [18, Theorem 4], and also (ii) the smaller the value 

of r IS the less restrictive is the hypothesis; and therefore we suppose, without 

s‘7te"ivr ^ ^ ' “ ‘'A” "pS 


fix ^ 

piX 

=°[(r +/>]■" 


Pix 

=°{(frr 

= o(xn 

as ;> -> oo tmd X -» oo. 

In order to waluate we, again, write 


' ita (u) cos eou 


du 


pfm 


2 Pl6P 

L„(«) 

•*« ,!x 


cos <oU 
u 


du. 


and obtain 




PtX 

X pl(t» 


+ 


P(X ^ 


— I a, 2 + I\s[. 

And, an apidkalion of Lemma 6 gives 


I'^ = o (Xi/»). 
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Now it remains to show that 

I\i = 0 0 ^ 1 % 
or 


d'*.!)* = O (X). 
and 


On integration by parts, it is easy to see that 


j* ia. (m) 


»(X 


exp (i(ou) 
u 


du 


(3.1.2) 

(3.1.3) 


P/X 



= 0(1) + o(log?) + o(p) 

in order thn. (3.1.2) and (3.1.3) nray told, it is sufficient to prove that 

/ (log^)*<h» = 0(X). 


For this by Holder’s inequality, 
integral /, ^ 


viz., Lemma 5 (i), it suffices to show that, for any 


X 

j= j(iog5yd6,=o(x). 

And by repeated integrations by parts, we obtain 
d = J (log?) da. 

= o[|.(log?y|%,/„(,a,?)«l.^J 
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•f dm 

= O (X). 

Thus the theorem is proved. 

3.2. Proof of Theorem 2.--Here, as In Theorem I, it is to be show^n that 
I = /l « (a) J,“ {mu) du + 0(1 ) |8 dm o (X), 

asX-»-cx>. And, by Lemma 5 (ii), 

X Ilia 

t J 1 <u / (“) Jo“ (<ou) fl&i I* fCco]*'* 

X 

+ ( / I “ (“) Ja“ («“) du P dmf'^ A {foil) dmf>* 

= y/» + + y/*, 

say. Eviitently 

I3-0(X). 

Also, since J/W is bounded and under the given condition 

S\4>aid)\du = o (0, 

0 

we get 

k ifi» 

. 0[S\<f>^{u)\du]»dm 
0 0 

= ofm^oQ^dm 

= 0 (X). 

Now, fett? mu large 

Ja“ {mu) = - .j. O ( 1 \ 


*4“ * * * -4“ / ! 


'log 


X 


therefesrer 
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+ 0 


ll(a 


1 / 1^ , 


cou^ 


du dco 


i 


X Xlcd 


tlx 

X 


2 \l/2 

d(jt> 


■) 


i/x 

, X ^ 110} 

l/X 


1/2 


l/X 

I led 


0 )U^ 


. du 


.2 \l/2 

dw\ 


*^ 2 . 1 “ ^ 2 , 2 ^ -^ 2 , 3 ^ •‘ 2 , 4 ^ 5 ’ 


say.» And 


^2,5 


« ' !/» 


But 


1/W 


® (“) • i 


l/OJ 


+ 


■ aP 

llto 


du 


0 (oi) + 0 (co) = 0 (<o). 


Hence 


Also 


X 

hs = J' ' o (w^) dco = o (X). 


"' '• V., ^ ’< • - - 

X 1/W X 

I»,1< i \ \ ^a(u) \ du\^ dco = j o (1) dco ==o (XX 

• itx • 


a2 
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6Z 

For Ifct. w have by Lemma 7 0) 


- o(/\« • „ 

1 /X tlx 

VX lix 

It follows from the hypothesis in the Theorem that 

* A 

J (U) du»0(xj\4Au)\A) 

ux ^ 

“ " [teW] ■ 


Hence 


lix lix 


du 


lix 


Writing 


we have 


<*>(0 - i\^»iu)\du. 




1/X 


I^O-OlL^/TOo*') 

IIX 

iix 


di 


« O (1) + 0 





dt + o 


itx 


%ix 





(3.2.1) 


(3.2.2) 


= 0 ( 1 ), 


(3.2.3) 
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since > 1/2. Also ■ , 


t 

s 

1(X 


<f>a (m) j 


du 


oiu) 


1 


u 

o(logX0 


t 

1 


o(m) 


+ 

HX J u 
1/x 


r2 


du 


Therefore 


1/X 1 /x 


(U) 


du 


• logX^ » dt 


1 /X 




= o(01og^^ 


(3.2.4) 


1/X 1/x 

7 ?x 

= 0 (X) + 0 (logX) + O J xi^ • 

1 

= o (X). 

From (3.2.1), (3.2.2), (3.2.3) and (3.2.4) follows that . . 

, l2,2 = 0 (X). 

That 

l2.4 = o(X), 

follows from an application of Lemma 7 (ii) exactly on the lines of the above. 
We have now to show that 


X a to 


1/x 


dco = o (X), 


which follows from (3.1.4). 

This completes the proof of the Theorem. 

\ 

3.3. Proof of Theorem 3. — In this case we have to show 


J 1 J (“) Jo** ’(“«) du-\- 0 (1) 1* </to = 0 


f X(logX)2P+Vj8> - i 
XloglogX,)8=-i, 
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and this simply reduces to the consideration of 


I = / I .(a) Ja“ (««) du I* 

t 

Splitting the inner integral, i.e., putting 


we get 


V ii 0 n 

j = / + j, 

0 4 tlW 


X ilta 

m < ( J t 0 . / ^* («) J.“ (<u«) du 1» dmfi* 

0 


+ [ J I ‘o J (a) J/ (m) du |» 

tlOf 


= ai)‘'* + a^n 

say. Now, since Jo“(®«) du is bounded, 

l/W ift^ 

/^a(«) Ja^(a>u)du^ O / I 4(«) 1 du 
« « 

by hypothesis, and therefore 

Ii = o j* (Iog®)»?d® *=0 / to (log <oy ^ 

= o(xfSSi^-.dto) 

I X0ogX)»^+»,for)9> - § 

" ( Xlog IogX,for i3= 

For large ®m, 

V(„„) = Sii5!^) ^ o /■ I N 

<011 \<o%* / 


Hence 


i/w 


dm 
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1/W 

■ i\(d 

= (l2.i)^“ + a2.a)^'* + (I 2 . 8 )"'*. 

Also 

Ilia 

1(W 

= 0 {cu (log + o ^ 

= O {o) (log Cej)^} + O {<0 (log <o)M log to} 

= o {to (log to)^}. (3.3.1) 

Therefore 

l2,« = ofaog«)*^rf<«> 

f Xaog50*^+Sfor/3> -i 
~ I XloglogX, for /? = - i. 

Now 

I2.1 = J* ^ («) <*<) du 

i/w 

X 71 Vii 

= J (“ J W “ X ^ W 

1/X 1/X 

‘ 1/X 

X i/w^ 

- +0 J(to 
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say. Again 


X 11^ 


tm 


X tita 




l/X 

X 


0 f (log 

X(logX)»?+^ for jS> ~ i 
XloglogX,foriS« ~i. 
And, by Lemma 7 (i), 

7,_ .. 

du> 


“I 


1/X 


du 


l/X l/x 


l/X l/X 

= 0 (Ji) + O (J^, 

say. We have 


l/X 


llx 


= 0 (1) + 0 {(log X)^} + 0 {(log X)^+»} 
= o{(logX)^+i}. 

Therefore from (3.3.1) follows that 
J, = o{X(logX)*^«). 

Now, for Ji, we have 
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l\h 


.{x,(logi)}. 


Hence 


l/X 


ux 


1/X ' 


.[xjo 


(1) + 0 (10gX)‘^ + O 


XIX 


dt 


+ 


1/X 


= o{ 


X(logX)»^+\fori3> 

XloglogX,for/S= -i. 

We have now only to show that 

XaogX)*^+^forj8> -i 
X log log X, for p = — 

Again, we break up la,^ as follows 

.X II l/« 

I*.8= {*** 4>a (w) </« — “* J* (m) </«! <fti» 


^S>8 


= o{ 


1/X 

.X >»? 


1/X 


o [ j* J (U) 

1/X 

X i/<^ 

+ J* {« J* (m) i/tv 


s=,o(iv + oa'«.,) 
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That r 2 ,is satisfies the required order ccmdition follows on the lines of the proof 
given for I'g,!. Also 

J* cos MU du 

IIX 

^fhMidu 

IIX 

= o {aog X)^} 4- 0 {(log m)P} + 0 {(log X)^+» - (log 

Hence 

1 * 2,2 = o J (log X)*^fif<u + 0 / (log + 01 {(log 

-(logw)P+i}*rfa». 

Integrating twice by parts, the last integral, we get 

I",., = o {X (log XyP} + 0 f (log M)>^dM + 0 {(log X)»f+*} 

+ 0 {Gog X)*?+i} + 0 J (log X)?+» (log dm 

+ 0 ^ (log M^^dM 
f X0ogX)*?+Sfori3> 

I XloglogX,fori3= - + 

And this completes the proof. 

3.4. Proofs of Theorems 4, 5 and 6.— In case of Theorems 4 and 5, by I,emmas 
2, 3 and 4 and the hypothesis on B (t) common in both of the theorems, it is only 
to be shown that ^ 

X ■ ' +■ ■■■■ _ ’ ' _ ‘ . . ■ ' !; 

/ I w ; (0 [Ja“ (t«) - J«+,“ (wr)] dt + O (I) |« dM = 0 (X), 

0 

as X cx), where 1 = k or 2, according as we consider Theorem 4 or Theorem 5. 
For Mt large, we can write 

J«“ (a>t) - Ta+i“ i<ot) = V (Mt) - 1 - (a,r) - . 

With these considerations, theorems 4 and 5 follow exactly by the proc«iure of 
Theorems 1 and 2, Theorept 6 is to be proved in the Mice manner on the lines of 
Theorems, r, 
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It may be remarked here that if in the hypothesis of these theorems o is re- 
placed by O the analogous results with boundedness and O in thfe boncluMbh are 
obtained. Only in case of Theorems 2 and 4, the given conditions with b and O 
come out to be equivalent. , u 

3.5. Proof of Theorem 7. — Since the Fourier series of 4> (f) is gitSh by 
2 A„ (x) cos nf\ 

and (1 — «)®-^ is of bounded variation in (o, 1 — e), where o < c < 1, have, 
by Lemma 8, 

^s,e (0 = S J (1 — (tu) du 


= SZ A„S (1 — m)®-i cos ntu du 
0 


where 

1-C 

75,6 («0 = J (1 ~~ COS ntu du, 

0 

If S > 1 the same is true with e — o, and we therefore have 


4>s it) ~ 82 A„ [ya («0]- 
If o < S < 1, it may be easily shown that 

O (e®), for jc > o 

for large values of x. 


< 3 . 1 . 1 ) 


y8(x) — ys.e(x) 


f o(e®). f< 

lo(x-»), 


Hence, for every positive t, 

lim 2 A„ [ys (nt) - yj, , («0] 

€->0 

= lim (O. J I AJ 6® + O Z I A„ I /r®). 

e->o 0 N+l 

Now, since 2 A„ is summable [R, n, a], the series .S' | A„ | «-®, S > a, is convergent 
by Lemma 10 and therefore, for o < a < S < 1- 

lim <f>s, eit) = 82 A„ys (nt). 

6->0 


Thus (3.5.1) is true for all 8 > a, provided the integral <f>sit) is interpreted fh the 
Cauchy sense. Hence, by (3.5.1), 


t We take fix) ■« o. for convenience, without any loss of generality, 
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M*) = 2 Krsint) 

0 

oo 

= 2* A* (n) {yj (ni) - yj (n + 1) /} 

0 

»+! 

= — r iJ A* («) j y's (tu) du 

0 

oo 

= “ y's (i^m) A (m) </«. 

0 

Integrating by parts h times, where h is the greatest integer less than a, we obtain 


j- y's (ut) A («) = I 2 (- 1)”-^ 12 (V + 1)-^ A- («) y,<« («l) /*-»! i::. 

0 liasl 

OO 

+ 1 ) / 

0 

Now A*" (o) = 0, and for every fixed positive t, as m oo, 

A''(m) ys'-* (ut) = 0 »)} o <»•''+«} = O ( 1 ), 

where v = 1, 2,---,h. Since, because of summability (R, n, a) of the Fourier 
series (1) at t = x to /(x) = o. 

A“ (m) = o (u“), 

therefore, for v < a, 

A" (w) = o («“) [13, Theorem 22],J 

and, also, 

A„(x) = o(l), 

therefore 

A" (x) = 0 (x’'+^), 

for all V. Hence the integrated terms all vanish and 

OO 

(t) = J («0 A* (w) 

0 

Now, in case a is an integer 

OO 

<f>s (t) = ^ yj'“* (ut) A“~’^ (m) du. 


I V(«) stands for («) of the Theorepi, 



Strong Summability of Fourier Series and the Series Conjugate to It 71 
Put t = \jw in the above, then 

* G) = /«“’ (s) 

0 

oo 

o 

oo 

71 OO 

- »-r~(.’+ I) ( / + / ) 

• *>? 

= II + Ig, 

say. Now, as can be easily seen, 

Ii = o (1). 

as w oo. And 


w“ 




K 

w' 


~ . J* lrfA“(wv)lv-*§ 

*>? 

Cwv^dv 

W® 1 ^ w® J 


= 0(1), 

since S > a. 

For non-integral a, we have 


oo 

<^8 (0 = J 

oo u 

= Ki*+^ J" («0 J (m— v)*-®dA“ (v) [see p.27, LeinMU€j 

0 0 

OO oo 

= Kr'‘+’^ / dA“ (v) J (m — v)®-“y5<»+^> (wi) rfw. 


§ K denotes ^ constant, which naay be different af different places, 



12 


Pramila Srivastava 


provided the inversion of the order of integration is justified. To show that this 
is so, it will be sufficient to prove that, as X oo, 

X ©o 

I =ss J rfA® (v) J (n ^ -4* 

# X 

for every fixed positive t Write 

00 X+i m 

J (Hf — M rfn = ( / + J ) (H — (ul) rfn 

X X K4‘l 

» M| + M|* 

Now, supposing S < A + 2, 

X+i 

Ml O J (|4 — » o 

X 

and by the second mean value theorem 

Ms = (X + 1 - v)*-» f (to) du,X+l <ii<oo 

X+1 

== o (X-') 

Therefore 

1 = O [X-»/ 1 dA«(«) I ] « 0(X-») • o(X«) - o (1), 

since (1) is summable [R, «, aj [18; § 41- By a similar method it can be shown 
that 

yj(«) (v) HB J (« — v)»-“y3<*+^> («) du a» 0(H). 

Put t == 1/w, then 

4>b (") = Kw-(*+i) 7 iA* (v) f (« - v)»-«yj<*+» ( “ j <ht 

OO OD 

= Kw""/ dA“ (wv) / (« - v)*-V*+‘* (m) i/M 

OO 

= Kw-»;y,<“)(K)rfA“ (H-V). 

0 

Now 

<f>s (0 t*. 

as r ->■ 0 , or 



as w oOf follows ^ ip ppse of inte^ o, 
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Thus the theorem is completely proved. ' 

3 • 6. Proof of Theorem 8. — Since the Fourier series of ^ (t) is ^ven by S B“ (x) 
sin nt, an anal 5 rsis similar to the proof of Theorem 7 shows that in case of sum- 
mability [R, n, a] of the conjugate series i/is(0 as t -^o; and by Lemma 4 
it follows that s is the limit, as r->o, of 

Jmdu 

to 

by some Cesii.ro mean. 
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SOME OBSERVATIONS REGARDING THE RELATION 
BETWEEN THE SPECIFIC HEAT AND THE 
THERMAL CONDUCTIVITY OF METALS 
(SOLIDS) AT ORDINARY TEMPERATURE 
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Abstract 

Depending on &e practical values, the relation has been obtained 
purely from a graphical method by arranging the metals into subgroups 
according to periodic classification. The general equation for a parti- 
cular subgroup is found to be S = -f 6K 4- c. The curves of 
subgroups a are concave upwards and those of subgroups b are con- 
cave downwards. There is a distinct and regular variation of the constants 
a, b and c with subgroups a ov b and so also the axes of the dilferent 
curves. Finally, Dulong and Petit’s law has been modified from the idea 
of atom structure and has been applied to obtain the equation Z x = a 
constant, for a particular sub-group which follows the practical 
values. The new formula has been applied to find out the thermal conduc- 
tivity of metals whose values were not available during the work. The actual 
values of the thermal conductivity of some of these metals were obtained 
later on and were found to agree very well with the predicted values. 

Introduction 

It is well known that in the case of gases, according to the kinetic theory, there 
is a definite theoretical relation between K and C, which, in general, is found to 
be supported by experimental results. On the other hand, although considerable 
work has been done separately on the theory of specific heat of metals and the 
theory of thermal conductivity, there does not seem to be any co-relation estab- 
lished between the two based on theoretical considerations. Before maloTig any 
such attempts, it will be fruitful to examine the available data and establish an 
empirical relation, if any, between K and Q for metals (solids). 

In this paper, an attempt has been made im this direction. 

Experimental Data 

The data for different metals have been given in Table I. The specific heat 
S and the thermal conductivity K are expressed in Cal./gm./° C. and Cal./cm.®/ 
cm./“ C./sec. respectively at 20° C. 

Observations 

Any theoretical explanation will have to take into account the peripheral 
electronic structure of the atom and a proper method of approach will be to 
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Table I 


no .'^ 

Element 

S 

K 

S x Z 

3 

Li 

0-79 

0-17 

2-370 

4 

Be 

0-428 

0-392 

* • 

11 

Na 

0-295 

0-323 

3-245 

12 

Mg 

0-249 

0-370 

2-988 

13 

A1 

0-215 

0-521 

2-795 

14 

Si 

0-176 

0*20 

2-464 

15 

P 

0-177 


2-655 

16 

S 

0-175 

m * 

2-800 

19 

K 

0-177 

0-24 

3-363 

20 

Ca 

0-157 


3-140 

22 

Ti 

0-125 

« • 

2-750 

23 

V 

0-120 

% * 

2-760 

24 

Cr 

0-107 

0-16 

2-568 

25 

Mn 

0-114 

<* « 

2-850 

26 

Fe 

0-112 

0-19 

2-812 

27 

Co 

0-099 

0-16 

2-673 

28 

Ni 

0-105 

0-22 

2-940 

29 

Cu 

0-092 

0-941 

2-668 

30 

Zn 

0-093 

0-26 

2-790 

31 

Ga 

0-079 

1% • 

2-449 

32 

Ge 

0*073 

• % 

2*336 

33 

As 

0*082 

m ♦ 

2-706 

34 

Se 

0-075 

% * 

2-550 

37 

Rb 

0-080 

« • 

2-960 

38 

Sr 

0-176 

♦ • 

» # 

40 

Zr 

0-066 

m * 

2-640 

42 

Mo 

0-061 

0*349 

2-562 

44 

Ru 

0-056 

* « 

2*464 


45 Rh 0-059 


2-655 


0-21 


f,; 
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Table I (Contd.) 


Atomic 

Nb.Z 

Element 

S 

K 

ft* 

S X z 

46 

Pd 

0-054 

0-17 

2-484 

47 

Ag 

0-056 

0-975 

2-632 

48 

Cd 

0-055 

0-22 

2-640 

49 

In 

0-057 

0-057 

2-793 

50 

Sn 

0-054 

0-153 

2-700 

51 

Sb 

0-049 

0-045 

2-499 

52 

Te 

0-047 

0-014 

2-444 

53 

I 

0-052 

. . 

2-756 

55 

Cs 

0-052 


2-860 

56 

Ba 

0-068 

. . 


58 

Ce 

0-042 

. . 

2-436 

59 

Pr 

0-048 

. . 

2-832 

60 

• Nd 

0-045 

. • 

2-700 

73 

Ta 

0-033 

0-13 

2-409 

74 

W 

0-032 

0-475 

2-368 

75 

Re 

0-033 

. • 

2-475 

76 

Os 

0-031 


2-346 

77 

Ir 

0-032 

0-14 

2-464 

78 

Pt 

0-032 

0-16 

2-496 

79 

Au 

0-031 

0-707 

2-449 

80 

Hg 

0-033 

0-0201 

2-640 

81 

T1 

0-031 

0-093 

2-511 

82 

Pb 

0-031 

0-084 

2-542 

83 

Bi 

0-034 

0-0201 

2-822. 

90 

Th 

0-034 

... 

3-060 

92 

U 

0-028 

0-064 

2-576 ■ 


The mean value of S x Z = 2.671. 


examine the elements group by group according to the usual periodic classifi- 
cation ' V . 

3'' ’ ’ 
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So, keeping in view that the properties of the metals will follow, more or Iw, 
the same periodicity, the metals have been grouped accordingly as subgroups 
la, \b, 2a, 2b, 3a, 3b, 4a, 4h, 5a, 5h, 6a, 6h, 7a, 7b exactly as in the periodic table 
and the transition elements separately as 8 , containing Fc, Co, Ni. and 82 contain- 
ing Ru, Rh, Pd and 83 containing Os, If, Pt. 

For metals belonging to a subgroup, the values of S are plotted against the 
corresponding values of K. and the nature of the curve so formed is examined. 
When the points are extrapolated carefully, it is found that the characteristic curve 
for each subgroup is a parabola. 


For the sake of clarity a few of the typical curves are shown in Fig. 1. 



Fig. 1. Showing the relations between S and K of different subgroups of periotlic table. 

A close examination of these curves brings out the following points: 

(1) The curve for each subgroup is a parabola. 


subgrou^^^ parabolas and their positions are different for different 


h subgroup a are concave upwards and those of subgroups 

LrSirv ^ which 

mercury which is a liquid at ordinary temperature. 

transition elements are concerned, group 8 , gives curve like 
those of subgroups a while groups 83 and 8 * give curves like those of subgroups b. 
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General Discussion 

All Ae different parabolas of different subgroups can be represented bv the 
general form r f 3 

S = uK* + bK + c, ( 1 ) 

where a, 6 and c are constants. According to eq. (1), the vertex of the corres- 
ponding curve will be the point c - and the focus of it will be 

the point (0, l/4a) from the vertex which determines the concavity of the curve. 

In Tables II and III are shown the values of these constants for different sub- 
groups with the exceptions of subgroups 3a, 4a, 5a, 66, la and lb where sufficient 
data are not available to form the equations. 


Table II 

For curves of Fig. 1 having concavities in the upward directions 


Sub- 

groups 

No. 

a 


a 

^2 

4ac 

32 ~ 4tac 

4:a“ 

32 — 4.ac 
4a2 

la 

66-5 

-36-1 

5-01 

1303-2 

1332-6 

-29*4 

17689 

-0-0017 

2a 

16-12 

- 5-29 

* 

27-98 

* 

27-98 

1039*4 

0-027 

(2^) .. 

2*77 

- 0-53 

0-043 

0-281 

0-476 

- 0-195 

30*68 

-0-0063 

6a .. 

0-042 

- 0-26 

0-147 

0-0676 

0-0247 

0-0429 

0-0069 

6-2 

81 

100 

-34-66 

3-07 

1194-4 

1228 

-33-6 

40000 

-0-0008 


Table III 

For curves of Fig. 1 having concavities in the downward directions 


Subgroups 

No. 

a 

b 

c 


4ac 

b^ — 4cac 

4«2 

b'^ — 4cac 

1 4(z2 

U 

- 4-53 

7-72 

-3-17 

59-6 

57-4 

2-2 

82-08 

0-027' 

3^ 

-18-51 

2-055 

♦ 

4-22 

* 

4-22 

1370-5 

0-003 

U 

- 0-24 

0-39 

* 

0-152 

* 

0-152 

0-23 

0-66 

5i .. 

-24-4 

2-19 

♦ 

4-796 

* 

4-796 

2381-4 

0-002 

82 

- 0-916 

0-473 

* 

0-224 

1 

♦ i 

0-224 

0-3884 

0-577 

83 

- 1-428 

0-426 

* 

0-181 

* 1 

0-181 

8-166 

0-022 


♦ Nearly negligible (in both Tables II and III). 
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According to the Tables II and III, if the different curves are again plotted 
for a i and c respectively against subgroup numbers, it will be seen that there 
are some regular variations of a, b and c with the subgroups. These have been 
shown in Fig. 2 and Fig. 3 respectively for the Tables 11 and HI. 



srM‘ NO "■ — *• 

Fro. 2. Showing the relation of the variations of a, h or e. with the subgroups coiw- 
ponding to the curves of Fig. 1 having concavities in the upward directions. 

The curves have been extrapolated to keep the symmetry throughout where 
the points are not properly obtained due to lack of suracient data. These regito 
variations in the constants may give a possible supijort for the empirical rclatiion 
between the specific heat and the thermal conductivity of solids at the ordinary 
temperature obtained earlier. 

It has been observed further that there is also a good relation between the 
shifting of the axes of the curves of Fig. I of different subgroups and the sub- 
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<S^04/^S 6s. Afo 


Fig. 3. Showing the relations of the variations of a and b with the subgroups correspond- 
ing to the curves of Fig. 1 having concavities in the downward directions. 

group numbers. The relation has been shown in Fig. 4 in accordance with the 
Tables IV and V. 

Table IV 

For curves of Fig. 1 having concavities in the upward directions 

Subgroups No. Axis position 

la 0*26 

2a 0-16 

(2h) 0-09 

6a 3-20 


0-17 
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Table V 

For curves of Fig. I having concavities in the downward directiom 


Subgroups No. 

Axis position 

Ih 

0*86 

3h 

0‘06 

4b 

0-85 

5h 

0-05 

Sj 

0-25 

8a 

0-15 



^®l3.tion with subgroups a could not be obtained properly due to lack 
PI sumpxent data. The points for subgroups b nre plotted ^nd extrapolated Ip 
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keep the symmetry throughout and it has been interpreted that the shifting of the 
axis is oscillating in nature from group to group in the increasing order and the 
oscillation is like a damped one having the amplitudes decreasing in order as the 
subgroup number increases. According to the few points obtained, the nature 
of the curve of the subgroups a may be interpreted similarly to be just the opposite 
to that of subgroups 6. That is to say, the amplitudes of oscillation will go on 
increasing as the subgroup number increases. 

Figures 2, 3 and 4 may give a good basis to form a theoretical explanation 
of the results. The meaning of the constants a, b and c with their fixed signs for 
different subgroups may also be found from the above-mentioned figures. 

Modified Dulong Petit’s Law 

According to Dulong and Petit’s law of atomic heat of solids at ordinary 
temperature, it is shown that 

Atomic weight x Specific heat = 6 (approx.) 

= a constant. 

In any periodic property of the elements the atomic number plays a more 
important role than the atomic weight. Hence it will be worthwhile to examine 
Dulong and Petit’s law taking Z (atomic number) instead of A (atomic weight), 
/.e., 

Z X S = a constant = d (say) (2) 

The mean value of this constant of the new relation has been calculated and 
found to be 2* 671 with extremes of 3*363 and 2*336. Fig. 5 shows the plot bet- 
ween S and Z drawn from the data given in Table I. 
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All the metals except a few lie on the mean curve, thus shoving a greater 
degree of accuracy than the Dulong and Petit’s law. 

From equations (1) and (2) wc get 

when h* 4ac or (6* - 4ac)/4a* becomes a very small quantity as shown in 
Tables 11 and III. 

Further if the axis of Z shifts to (- bjla, 0), equation (3) reduces to 

Z X K® « ^ — a constant (4) 

a 

for a particular subgroup. The equation (4) will then give the nature of the 
curve as shown in Fig. 6. 



Fig. 6. Showing the relation between Z and K. drawn according to Eq. <4) deduced 
theoretically. 

The curves drawn between Z and K from the data given in Table I for 
different subgroups are shown in Fig. 7. It is to be noted that these are exactly 
similar to the theoretical curve in Fig. 6. 

Applications 

It will be interesting to use the results of the above discussion and the cqua- 
^ipns and graphs foi.. obtaining the values of the thermal conductivity of certain 
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Fig. 7. Showing the relations between Z and K for different subgroups from the*l 
experimental data as given in Table I. " 

metals for which experimental data are not available. The following list gives 
the values for K so calculated. 

\ 

tCa = 0-35, tGa = 0-06, tGe = 0-21, As = 0-045, 

Rb = 0-27, tSr = 0-36, Ru = 0-18, Cs = 0-27, 

Ba = 0-34, Os = 0-12, Fr = 0-268, Ra = 0-334. 

Summary 

It is interesting to note that the ernpirical relation between the specific heat 
and the thermal conductivity of metals at ordinary temperature for a particular 
subgroup has been found to be S = uK® + iK + c, the properties of which are 

(1) The curve for each subgroup is a parabola. 

(2) The axes of the parabolas and their positions are different for different 
subgroups. 

(3) The curves of subgroups a are concave upwards and those of sub-groups 
b are concave downwards. The only exception to this being 2b which includes 
mercury which is a liquid at ordinary temperature. 


t The actual values for K for these metals have subsequently been obtained and were found to 
apee very well with the c^culated values ^ven, 
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(4) The curve of one transition element group is exactly like that of sub- 
group a while the two other transition element groups give curves like those of 
subgroups b. 

(5) There is a distinct and regular variation of the constants a. h and r with 
subgroups 0 or h and so also the axes of the different curves. 

(6) The empirical relation also suggests a modified form of Dulong and 
Petit’s law which finally gives the equation Z x K* a constant, for a particular 
subgroup which follows the practical values. 

(7) Finally the new formula can be applied to find out the thermal conduc- 
tivity of metals whose values have not been determined experimentally so far. 
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A STUDY OF THE RELATIONSHIP BETWEEN THE 
SIZE OF THE KIDNEY AND THE 
SIZE OF THE FISH 


By Krishna Bahadur and S. Rajam 

(Chemistry and Zoology Departments, Allahabad University, Allahabad) 

Received on Februaiy 10, 1958 

A DETAILED investigation of the various metabolic processes taking place in the 
animal body and of enzymic systems responsible for these processes, not only 
gives us a peep into the mechanism of the subdued biochemical reactions but it also 
gives us an idea of the various pathways that the different metabolic processes 
follcwed durmg their evolution from the simple functions of serving as steps in 
the fundamental process of life, viz., duplication, self-energy release and adapta- 
tion, to a wt^ footstone in the struggle of the animal through the prolonged 
evoluuon of life. It is_ only the acclimatisation of these enz5miic systems to the 
changing physico-chemical changes of the environment and their adaptability to 
the muder changes with changed chemical behaviour which is responsible for the 
evolution ot the whole living unit in general. The changed enzymic property by 
mild changing physico-chemical conditions was followed by the changed chemical 
property^ and the formation of changed end products^ out of which those 
whmh made the organism more suited for the environment were retained and 
in due course underwent further evolution and those which were unhelpful slowly 
perished. The external organs were formed to protect and help these enzymic 
systems to perform these activities and thus the bony system, muscle consttuction 
or even the sriuctures of the various organs of an animal are not the fundamentals 
of evolution but just the outer coat or the extra accessory organs to ptotect the 
vital enz3muc system which remains the fundamental driving agency of the 
evolution. ooj 

Here a stady of the mtrogen excretory organ, the kidney, of several fishes 
has been carried out and it has been observed that considering the animalg of 
about the same habits, the animals with higher body weight have lower number of 
glomeruli per kg. wt. of the body as compared to the animals with the lower body 
weight. With lesser number of glomeruli the metabolites concentration in the 
body increases and some of these metabolites activate the proteinases activity and 
increase the protein formation in the animal body and this is followed by the 
increase in size of the animals resulting in the subsequent development of the 
supporting and other accessory organs during the course of evolution for the 
better functioning of the big body. 

Table II indicates that the fishes ( 3 ) of smaller size have larger number 
or glomeruli per kg. wt. of their body weight as compared to the fishes of bigger 
size. Thus increased number of glomeruli which means larger excretions of 
mtrogpous and mineral products makes the system of the organism poor in these 
ingredients and thus the system remains sms^. However when the excretion of 
mlxogenims matter and minerals by the organism becomes small the organs remain 
rich in these wbstraces and the fixed nitrogen, carbon and piinerals which are 

^7 



Table I 

Showing number of glomeruli in a few fresh-water fishes of different sizes 
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the vital constituents of the tissues and the body and the enzymically guided meta- 
bolic processes are so adjusted that they are utilised by them for the construction 
of body matter and the tissues multiply. As these excretory materials cannot 
be reutilised for the formation of the body matter their formation has to be re- 
tarded by better and ej00[cient metabolic processes. It is interesting to consider 
whether it is the decreased number of glomeruli which affected the evolution of 
the metabolic processes with better and efficient mechanism leading to the decrea- 
sed formation of the excretory products or the metabolic changes were affected 
first in the course of evolution leading to lesser formation of excretory matter 
and a consequent decrease in the number of glomeruli. 

If molecular evolution theory for the origin of life is supposed to be correct 
then the molecular mechanism of metabolic processes has to be considered as 
affected first by the processes of evolution. This is possible if it is considered 
that the intake of newer molecule by the organism 4br their synthesis in the 
animal body has taken place. 

The lesser excretion of inorganic and organic substances from the body of the 
organism increases their concentration inside the body and thus increases the 
interferences of these foreign bodies with the enzymic systems of the tissue. It 
has been observed that a foreign body in an enzymic reaction profoundly influences 
the reaction both quantitatively and qualitatively. The proteins in general are 
extremely susceptible to form a complex with a number of organic and inorganic 
materials and these complexes show a great variation in their enzymic properties 
from the original protein. Mentioning about the changes of enzymic properties 
of the protein complexes^^ Deborin in his report of the International Sympo- 
sium on Origin of Life held at Moscow in 1957 mentions that the formation of 
complexes by primordial proteins with one another and with other organic sub- 
stances could have given rise to an enormous variety of compounds and chemi- 
cal processes which in the subsequent evolutions could have produced various 
conjugated proteins possessing specific biochemical functions and could have 
engendered the whole set of enzymic processes essential to life. 

It appears that some of the inorganic and organic substances formed either 
by the degradation taking place in animal body or assimilated directly by the 
alimentary canal help in the formation of larger quantity of body protein which 
is the chief constituent of the animal body and they may improve the reactions 
of the metabolism in such a way that the lesser material to be thrown out as 
by-products are formed. These reactions will obviously be accompanied by the 
increase in weight of the animal and the other subsidiary parts of the animal body 
are formed for the better functioning of the enlarged body. 

So there is always a decreased number of glomeruli per kg. body wt. in the 
fishes of larger size. It appears that the activity of enzymes by increased con- 
centration of foreign body is chiefly by the accumulation of the excretory products 
in the system providing greater changes of activator— substrate complex rather 
than their enrichment due to oral intake, because there remains a basic selection 
of the organism of eating only a few types of things and not eating a few other 
things and so the concentration of some such activator in one and not in the 
other organisms is not very probable. Of course with better and efficient 
mechanism of protein formation the body demand of food will be greater and 
the organism which is bigger will consume larger quantity of food. 
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PRODUCTION OF ALKALINITY IN NORMAL SOILS 
WITH SPECIAL REFERENCE TO THE FORMATION 
OF POTASSIUM SOILS 

By S. G. Misra 

{Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad) 

Received on September 11, 1957 

It is well known that Mondesir^ was the pioneer to convert a normal soil into an 
alkaline soil by treating it twenty times with a solution of sodium chloride followed 
by distilled water. Gedroiz,® de Sigmond,^ Dominicis,^ Prescott,^ Cummins and 
Kelley,® Burgess'^ and others corroborated the work of Mondesir. 

According to Ivanova,® Prasolov and Antepov-Karataev® and Pankov and 
Shavrygin,^® the percentage of sodium in the exchange-complex of the solonetz need 
not be higher than 5-10%. Arany and Kelley^^ are of the opinion that 19% 
is the minimum and 75% is the maximum sodium content of the exchange- 
complex of solonetz whilst Remezov’^^ finds no such high percentage of sodium. 

Kelley^® describes that the total adsorbed sodium is not necessarily cor- 
related with pH. More or less sodium will be adsorbed by exchange with the 
hydrogen ions of hydroxyl group, therefore, alkali soils which are strongly alkaline 
chemically may not necessarily be sodium saturated. Misra^^ has observed that 
sodium adsorbed from very dilute solutions of sodium carbonate is not able to 
hydrolyse and produce any alkalinity in the soil after washing it with distilled 
water. 

So far no one has reported studies on soils in which exchangeable potassium 
has been considered to be the chief cause of alkalinity though theoretically potas- 
sium ions my behave as sodium ions. Hence the present investigations were 
taken up by treating the normal soils with ditferent potassium salts. 

Experimental Methods 

Two soils designated as normal and garden soils were selected for the pre- 
sent investigations. Their chemical composition and their exchangeable bases 
were determined by the hydrochloric acid extract and neutral normal ammonium 
acetate method respectively after drying the soil samples, previously passed through 
a 70 mesh sieve, in an oven at 105° C. for 4-6 hours. 

100 gm. of the soils were treated with equimolar quantities of chlorides and 
sulphates of sodium and potassium, sodium carbonate and sodium bicarbonate. 
Their combinations with calcium carbonate and calcium chloride were also added 
to the normal soil. The mixtures were kept in enamelled dishes, moistened daily 
with distilled water and exposed daily to sunlight for 8 hours. This process of 
wetting and drying in the sun continued for a month, accompanied with daily 
stirring the mixture with glass rods. The determinations of pH and the exchange- 
able bases were then carried out. For the determination of the pH values of the 
pastes (1:2-5 soil-water tatio) or of leachates, the Beckman-pH-meter was used. 
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The exchangeable calcium, sodium and potassium were determined in the ammo, 
nium acetate leachate. The calcium was estimated as oxalate by titrating agamst 
standard permanganate solution, potassium by cobalti nitrite method and sodium 
by magnesium-uraynl-acetate reagent. 

The leaching or the washing experiments were carried out in two different 
wavs In one case, 10 gm. of the salt-treated soil-samples were shaken with 50 c.c. 
distilied water in glass-stoppered bottles for one hour and kept overnight. Next 
day, the contents were poured over a Buchner funnel fitted with a filter paper and 
connected to a filter pump through a filtering flask. Ihc first leachate was 
collected and then fresh 25 c.c. of distilied water was added on the Buchner funnel 
The leachate was again collected and this process was repeated several times. In 
this way fresh additions of water were continued, leachates obtained and the pH 
estimated till the leachates showed the pH of water. 1 he first leachate was also 
analysed for its calcium content. The washed soil was analysed for its exchange- 
able calcium and potassium contents. 

In another set of experiments a modified process was adopted. 2Q gm. of 
salt-treated soil samples were shaken for one hour with 100 c.c. of distilled water 
and the mixture filtered through a Buchner funnel after 24 hours. The soil 
from the filter-paper was cautiously washed back to the respective bottles with a 
jet of distilled water and the volume was made upto 100 c.c. The bottles were 
shaken again and the leachates obtained after 24 hours. The successive leachates 
were analysed for their pH values and calcium contents. The washed soils were 
analysed for their exchangeable bases. 

Results 
Ta6le I (a) 

Chemical composition of the soils used 


i 

Constituents % j 

Normal soil 

Garden soil 

Loss on ignition . . . • ; 

3’88 

3*81 

HCl-insolubles 

81*64 

79*94 

Sesquioxides 

1M7 

9*86 

Fe^Os 

4*12 

4*26 

CaO .... 

0-99 

2*80 

MgO ... 

1*16 

1 1*73 

K^O .... 

0*73 

0*98 


0*08 

0*12 

Total carbonates as CaCO* 

1*24 

3*95 

pH . 

7*6 

8*0 
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The normal soil was also treated with dilute solutions of potassium chloride, 
calcium chloride, magnesium chloride and potassium chloride + calcium chloride 
or potassium chloride + magnesium chloride, potassium dihydrogen phosphate and 
dipotassium hydrogen phosphate and then washed immediately with distilled water 
for a number of times. The pH values of the salt-extracts as well as of the succes- 
sive water-extracts were determined. 


Table 1(b) 

Exchangeable bases present originally 
(m.e./lOO) 



Ca 

Mg 

K . 

Na 

Normal soil 

22-7 

3-6 

2-4 

0-4 

Garden soil 

44-6 

3-6 

2-0 

1-0 


In Table II (a) the various treatments of the soils are recorded. They 
were mixed with salts and exposed to light in enamelled dishes. A, B, C, etc., 
stand for treatments of Normal sail-somples and Ai, Bi, Ci, etc., for Garden 
soil-samples. 


Table II (a) 


Dish No. 

CONTENTS 

A 

or 

Ax 

100 g. of normal 

or garden soil +1*49 g. KCl 

B _ 

or 


>» jj 

„ +M7g. NaCl 

C 

or 

Cl 

n n 

JJ +3*48 g. K 2 SO 4 

D 

or 

Di 

n >» 

+2-84 g. Na2S04 

E 

or 

El 

»i JJ 

+ l-06g. Na2C03 

F 

or 

Fi 

JJ JJ 

„ +0-'84g. NaHCOs 

G 



jj JJ 

soil+0-75 g. KCl +1-42 g. Na 2 S 04 

H 



JJ JJ 

„ 0-585 g. NaCl+l-74g. K 2 SO 4 

I 



JJ JJ 

„ 0-75. g. KCl+0-05 g. NaaCOs 

J 



JJ JJ 

„ 0-75 g. KCl+l-OOg. CaCOs 

K 



JJ JJ 

„ 0-75 g. KC1+ 0-084 g. NaEICOg 

L 



JJ JJ 

„ 0-75 g. KCl+0-085 g. NaCl 

M 



JJ j* 

„ 0-75 g. KCl+0-585:g. NaCl+1-11 g. CaCla 

N 



JJ JJ 

„ 0-106 g. NasCOs + l-OO g. CaCOg 


' The Garden soil was not exposed with the mixtures of salts as this soil was rich i 

calcium carbonate. 

4 
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Table H (A) 

Chemical analysis of Faizabad soils 


Constituents 

Si 

Ss 

S» 

S 4 

Sg 

s« 

S, 


S# 


% 





S 0 

ils 





Loss on ignition 

2-82 

2-32 

2-16 

2-69 

2-86 

1*94 

2*11 

2*27 

MO 

2-40 

HCHnsoluble 

84-61 

84-10 

86-38 

82-80 

83-61 

86-26 

88-00 

87-10 

87*73 

87-10 

Sesquioxides 

8-57 

9-53 

7-90 

10*11 

948 

7-75 


6 *») 

7 * 3i 

7-# 

CaO 

0-61 

0-52 

0-49 

0-69 

0*58 

0-70 


0*64 

0 - 4 # 

0-76 

MgO 

1-31 

1-24 

1-26 

1-39 

1-39 

l-« 

M7 

MO 

0*99 

M4 

K 2 O 

1*94 

2-31 

2-70 

2*54 

2*36 

2-99 

1-37 

1-24 

2*18 

1*37 

pH 

9-7 

9-4 

9-1 

9-6 

9-0 

9-8 

9-7 

8-1 

Kfli 

9-4 


Table II (c) 

Exchangeable bases of Faizabad soils 

(m.e./100) 


Exchangeable 

bases 

Si 

S 2 

Sg 

S 4 

Sg Sg 

Soils 

•St 

S« 

s» 


Ca 

13-7 

11-0 

10-9 

16-4 

10-8 

14-8 

15*2 

14*0 

10-4 

14-1 

Mg 

5*4 ' 

5-0 

5-7 

4-5 

2-4 

3*9 

3*2 

2-8 

2-8 

3-1 

Na 

2-1 

2*9 

2-S 

3-3 

2-7 

3*4 

3*2 

1*9 

2-8 

2-9 

K 

2*5 

3-5 

3-8 

2-2 

2*4 

1*8 

2-4 

1*9 

4-0 

3-8 


Table HI 

pH values of the exposed sets after one month 

(l;2-5 soil- water ratio) 

Ai Bi Cl Di El Fi 

7-8 7-9 8-3 8-2 9*86 9-38 

ABODE EG HI JKLMN 
7-7 7-9 8-6 8-3 lO-O 9-6 8-3 8-1 8-0 7*9 8-6 7-8 7-5 8-7 
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Table IV (a) 

Leaching experiments by the first method and pH values of successive leachates 

(10 gm. soil + 50c.c. water followed by 25c.c. water each time) 

Garden Soil 


Teachings 

No. 

Ai 

Bx 

Cl 

Dx 

Ex 

Fx 



Treatments 



1 

7-5 

7-6 

7*7 

7-9 

9-2 

9-1 

2 

7-8 

8-6 

8-9 

8-0 

9-8 

9-0 

3 

8-4 

8-8 

9-4 

8-8 

9-9 

9-5 

4 

8-3 

8-5 

9-1 

8-8 

9-7 

9-3 

5 

8-3 

8-2 

91 

9-0 

9-1 

9-2 

6 

8*3 

8-0 

8-0 

9-3 

9-0 

9-1 

7 

7-8 

7-6 

7-9 

9-0 

8-9 

' 8-3 

8 

7-7 

7-5 

7-8 

8*2 

8-7 

8-2 

9 

7*5 

7-2 

7*8 

8-0 

8-7 

8-0 

10 

7-1 

7-0 

7-8 

7-8 

8-5 

8-0 


Table IV (6) 
Normal Soil 


Leachings No . 

A 

B 

C 

D 

E 

F 

G 

11 

I 

j 

K 

L 

M 

N 

1 

7-3 

7-7 

7-4 

7-5 

9-4 

9-3 

8-0 

7-8 

8*1 

7-9 

8-1 

7*7 

7-6 

1—4 

00 

2 

7-4 

7*9 

8*4 

8-4 

9-7 

9-2 

8*3 

8-0 

8-3 

8*1 

9'1 

8*1 

7*3 

7*9 

3 

S-S 

8 -B 


9-0 

9-4 

9^2 

8-2 

8'7 

8*2 

8*5 

8*9 

8*3 

7*2 

7*7 

4 

7-6 

8-2 

9-3 

8-6 

9-2 

8-3 

8-1 

8-9 

8*1 

8*5 

8*8 

8*1 

7*7 

7*6 

^ 5 . 

7-2 

7-8 

8-6 

8-1 

9*4 

8-3 

8*0 

8*3 

8-1 

8-2 

8*8 

8*1 

7*7 

7*7 

6 

7-1 

7-5 

8-5 

7*8 

9-2 

8-4 

8*1 

8-5 

8*0 

8-0 

8*5 

8*1 

7*3 

7*7 

7 

7*2 

7-3 

8-2 

7-6 

8-2 

7-8 

8-1 

8*2 

7-9 

7-8 

8 * 4 : 

8*1 

7*2 

7*5 

8 

7-0 

7-0 

7*6 

7-5 

8 v 3 

7-5 

8-0 

7-8 

7-6 

7-6 

8-4 

7*8 

7*1 

7 * 4 ' 

9 

.. 

• • 

7-2 

7-0 

8-1 

7-2 

7*8 

7-5 

7*4 

7-4 

7-8 

7*5 

7*0 

7*0 

10 

•• 

•• 

•• 

•• 

7-9 

•V 

•• 

•* 

•• 

•• 

7*5 

•• 

** 

7*0 
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Table V(a) 


Calcium given out in the first three leachates of the salt-treated 

Normal Soil Samples (1:5) 

(m.o./lOO) 


No. of 
leachates 

A 

B 

C 

D 

E 

F 

G 

H 

1 

j 

,K 

L 

M N 

1 

5*14 

3*46 

5*94 

4*75 

0*3 

0*1 

7*62 

8*91 

5*74 

6*66 

1*00 

6*73 

lf*4S 0*W 

2 

0*84 

0*70 

0*60 

0*30 


* 4 

0*79 

1*SS 

l*4S 

l-Oi 

im 

0*4 

1*48 .. 

S 

0*10 

*• 


- 

• « 



0*:» 

0*» 

0*10 

* • 

m 4 

0*» 


Table V (6) 

Calcium given out in Garden Soil leachates (1 : 5 ratio) 
(ni.e./100) 


No. of 
leachates 

Ai 


Cx 

Dj 

Ex 

Fx 

1 

7-0 

2-97 

A 

6*43 

4*55 

Nil 

Na 

2 

0-4 

0-69 

0-39 

0-24 

• • 



Table V (c) 

Exchangeable bases in the washed soil samples of the Normal Soil qfter 

various treatments 
(m.e./IOO) 


Exchangeable 






Treated samples 






ba^es 

A 

B 

C 

D 

E 

F G 11 I 

J 

K 

L 

m 

N 

Ca 

16-8 10 ‘ 9 O 19-0 16*0 14-0 15*0 16*7 15*4 16*1 21*0 2 M 

18*2 «*2 2M 

Mg 

3*4 

3*4 

3*5 

3*5 

3*6 

3 -e 3-6 3*8 8-6 

3*2 

3*5 

3*4 

2*0 

3*1 

K 

2*80 2*0 

2-86 2*0 

2*0 

2-1 2-42 4-86 3-0 

1*61 2-41 

1*6 

1*5 

1*5 

Na 

0*2 

0*8 

0*1 

0*9 

2-4 

2-0 0-8 0-2 0-9 

0-0 

0*5 

0*2 

0*0 

0*8 

jpH of the washed 

8*0 

7*9 

8*0 

7*9 

8*2 

8*0 8>0 7-7 8*0 

7*6 

7*9 

7*6 

7*6 

7*2 

samples 
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Table VI (a) 

pH values of the leachates in leaching experiments by the second method 
(20 g. of soil samples + lOO c.c. water) 


No. of 
leachings 


B 


D 

El 

E 

1 

7*8 

7-6 • 

7-8 

7-5 

10-2 

9-9 

2 

8*8 

7*5 

9-1 

8-4 

10-0 

9-8 

3 

8*8 

8-5 

9-3 

8-7 

8-50 

9-6 « 

4 

8*6 

8-1 

9-2 

8-6 

8-40 

9-6 

5 

8-3 

8-0 

8*6 

8-0 

8-20 

9-4 

6 

8-2 

7*6 

8-5 

7-7 

8-20 

8*4 

7 

7-8 

7-5 

8-3 

7-6 

7-8 

8-3 

8 

7-8 

7-5 

7-9 - 

7*6 

7-8- 

8-2 

9 

• • 

7*5’ 

7-7 

7-5 


7-9 


Table VI (6) 

Calcium given out in the successive leachates 
(m.e./lOO) 


No. of 
leachings 

Bx 

B 

Dx 

D 

Ex 

E 

1 

|2-97 

3-46 

4*6 

4*8 

NU 

0-3 

2 

0-10 

NU 

NU 

Nil 

Nil 

Nil 

3 

0-3 

0-4 

NU 

NU 

NU 

NU 

4 

0-6 

11 

0-5 

1-2 

0-5 

0-4 

5 

0*6 

11 

0*5 

0-9 

0-6 

0-4 

6 

NU 

NU 

Nil 

Nil 

Nil 

0-35 

7 

0-7 

2-0 

0-6 

M 

0-8 

Nil 

8 

NU 

NU 

0'6 

I’O 

NU 

NU 
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Table VII 

pH values of the successive leachates 

(100 c.c. of the solution + 20 g. Normal Soil shaken, filtered and then 50 c.c. water added) 

(a) MIlOKCl and then water: 

7-2 7-7 8-5 8-4 8-3 8*2 7-1 7-0 

MjlO KCl used for all leachates: 

7- 2 7-4 7-4 7-4 7-4 7-4 7-4 7-4 

Water added to the above treated soil : 

8- 7 8-9 9-1 9-1 8-7 8-6 ^-0 

M/100 KCl added to the above washed soils: 

7- 0 7-0 7-2 7-2 7-3 

Water added to the above treated soils : 

8- 7 8-7 8-6 8.3 7-8 


(i) M/10 KCl (50 c.c.) + MjlO CaCl^ (50 c.c.) and then water : 


6-8 7-3 7-8 7-9 8-1 

8-3 

8-3 

8*2 

7-8 

7-6 7-6 

(c) M/100 KCl and then water: 

7-1 7-1 7-4 7-4 7-7 

7-7 

7-6 

7-7 

7*7 


(d) M/10 CaCli and then water: 
6-8 7-3 7-5 7-5 7-5 

7-5 





(e) MjlO MgCli and then water : 
7-0 7-6 8-2 7-95 8*0 

7-9 

8-0 

8-0 



(/) M/10 KHzPOi and then water 
5-2 5-9 7-0 7-1 7-1 

7-1 

7-1 




(g) M/100 KH^POi and then water 
6-1 6-4 7-2 7-3 7-2 

7-2 

7-2 




(A) M/10 K^HPO^ and then water 
7-9 8-3 9-0 9-1 8-9 

8-8 

8-8 

8*7 

8-7 

8-4 8-1 


Discussion 

The addition of the salts of sodium and potassium, together with calcium in 
some cases, the normal soil and its alternate wetting and drying for one month 
in order to imitate natural conditions under which alkali soils are formed, results 
in a niarked increase in the pH values of the soil-pastes at 1 : 2'5 soil-water ratios. 
The highest pH values are obtained where sodium carbonate and sodium bicar- 
bonate were added either singly or in combination with other salts. The soil 
samples E, F, N and K show the pH values in a descending order and with other 
treatments the order of alkalinity is in the order C>D>G>H>I>J>B>A. 
The pH values of these samples are much higher than that of normal soil with- 
out any treatment (the pH of normal soil being 7-6). The increases in pH values 
clearly indiiate that the accumulation of salts and their alternate wetting and drying 
^re responsible for the observe^ in9re8ses, The effect of sodium carbopate and 
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bicarbonate in raising the pH values is partly due to their presence in the free- 
state in the samples and partly due to the entry of sodium ions from carbonates 
and bicarbonates and a subsequent hydrolysis due to wetting and drying. Also, 
the sodium ions displace the calcium ions which get precipitated as calcium car- 
bonate. The free alkali dissolves the humus of the soil imparting a black colour 
to the extracts and also deflocculates the soil particles thereby bringing a cemen- 
tation as observed in the samples E and El and F and Fi. Also, from Table III, 
sodium bicarbonate is less ejffective than sodium carbonate as the pH values are a 
little less but ultimately sodium bicarbonate is converted into sodium carbonate 
by hydrolysis. 

Next to the cases of soils treated with sodium carbonate and sodium bicar- 
bonate, potassium sulphate-treated-sample C shows the highest pH value. Then 
comes sodium sulphate-treated-sample. The sodium sulphate and potassium 
chloride-treated-sample G shows an equal pH value. A combination of potas- 
sium sulphate and sodium chloride is inferior to the combination of sodium sul- 
phate and potassium chloride in producing alkalinity. In the samples I and J, 
greater effect of smaller dose of sodium carbonate in increasing the pH is obvious 
in comparison to a large dose of calcium carbonate which produces a pH equal 
to that of sodium chloride-treated sample. The lowest increase in pH is with 
potassium chloride-treated sample. These observations bring out clearly a fact 
that sulphates of sodium and potassium increase the pH of normal soil more eflS.- 
ciently than their chlorides. Also, potassium sulphate is more powerful than 
sodium sulphate. When chlorides and sulphates of potassium and sodium are 
mixed in equimolar quantities, they show a reverse behaviour. The pH with 
potassium sulphate and sodium chloride is lower than that with sodium sulphate 
and potassiurn chloride. A similar interaction is observed in the sample L, where 
sodium 'chloride and potassium chloride together give a pH value which is inter- 
mediate between the pH values with potassium chloride and sodium chloride singly 
(samples A and B). This appears to be due to the preferential adsorption of 
sodium ions over potassium ions from their mixtures. 

Wherever calcium salts have been introduced, i.e., in J, M and N samples, 
the changes in the pH values are less sudden. The introduction of calcium ions 
keeps the pH value at lower levels. 

Repeated leaching of all the salt-treated samples brings out the fact that the 
pH of the third leachate is highest except in a few cases, the sample D deserving 
special attention where higher pH values appear in the sixth leachate. The first 
leachate is bound to contain most of the soluble salts; hence, hydrolysis of 
adsorbed sodium or potassium is rather impossible. The hydrolysis on drying 
and wetting the samples may be different from the hydrolysis produced on wash- 
ing the salt-treated soil with water. In the second leaching practically all the salts 
are removed, thereby initiating the hydrolysis and as soon as more water is added, 
in the third extract we obtain the highest pH values> These pH values are highest 
in the tlmd extracts of potassium sulphate-treated normal and garden soils, the 
value being 9-4. The pH of the extracts of sodium carbonate and sodium bicar- 
bonate-treated samples is high and remains constant for a number of teachings. 
This is due to the fact that the adsorbed sodium is also being hydrolysed slowly 
besides the free alkali present in the system. Such a release of alkalinity in 
sodium carbonate-treated soils has been observed by Misra.^^ There is practi- 
cally no calcium in the soluble form in the extracts of E and Ei or F and Fj. 
It is only after the salts have been thoroughly removed that the pH in the water 
pxtract^ of M/10 Kp-trfated normal ^pil begnis to ri^e, Jt is cl^ar, therefore, tb^t 
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potassium ions are taken up by the soil through an exchange process and then 
they hydrolyse out as soon as water is added. The experiments were carried on 
in presence of air and consequently carbon dioxide was adsorbed in the system. 
The following reactions are likely to take place in these processes: 

K-salts + Normal soil = K-soil + Ca, Na op Mg salts. 

K-soil + HaO = KOH + H-sotl. 

KOH + C0a = KHC03. 

2 KOH + CO 3 + HaO « KaCO* + 2HA 

It has been observed that even M/100 potassium chloride .solution suppres-ses 
the hydrolysis of the adsorbed potassium ions. The presence of calcium ions 
(as calcium chloride) in the potassium chloride solution greatly decreases the 
entry of potassium ions into the exchange>complex and, hence, the pH of the 
extracts does not exceed 8-3 (vide Table VII i). The amount of calcium present 
in the various leachates (vide Table VI b) is in accordance with the above find- 
ings. Where the pH is highest, the calcium going into solution is very smaU. 

The addition of dipotassium hydrogen phosphate solution appears to influence 
the pH values of the leachates next to potassium sulphate treatment in the experi- 
ments (virfe Table VII h). This is due to the fact that dipotassium hydrogen phos- 
phate solution is itself alkaline and hence acts like sodium bicarbonate and sodium 
carbonate. Also, phosphate ions precipitate out the soluble calcium just like the 
soluble carbonate ions do, hence, there is always greater adsorption of potassium 
ions from phosphate solution. The sulphate may precipitate the calcium as cal- 
cium sulphate but the precipitate is more soluble. The production of alkalinity 
by the application of tripotassium phosphate and dipotassium hydrogen phos- 
phate to normal soils was observed by Misra.“ 

The calcium going into solution is not only the result of exchange reaction 
because the sum of the calcium in the water extracts and the exchangeable calcium 
in the leached soil samples is greater than the total exchangeable calcium of the 
normal soil. Hence some calcium is coming from the dissolution of calcium 
carbonate present in the soil by the action of soluble salts added. Greater amount 
of calcium in the sulphate-treated soils is due to the fact that the sulphates of 
sodium and potassium dissolve greater amounts of calcium carbonate than their 
chlorides. Similar observations have been made by Cummins.^ 

'Mr 

Gedroiz^® reported that potassium ions were more powerful in replacing cal- 
cium ions of the exchange complex. Reitemeir^’ observed that potassium ions 
are five times as efficient as sodium ions. My results obtained with potassium 
chloride and potassium sulphate clearly demonstrate their superiority over sodium 
chloride and sodium sulphate respectively in increasing the pH values. 

The results reported in the foregoing tables indicate the possibility of pota.s- 
sium soils te be more alkaline than those of sodium soils. It seems probable that 
some of the alkali soils in India might have been formed by the reaction of potas- 
sium salts and their subsequent leaching. Misra“ has observed that alkali soils 
from Faizabad (U.P., India) contain a very high potash and the exchangeable 
pptessium constitutes 10-20% of the total exchangeable bases (vide Table II b). 
This IS certainly a new view-point regarding the formation of alkali soils, whiclj 
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have been ascribed 
carbonate. 


so far to the influence of sodium bicarbonate and sodium 


Summary 

rion sodium or potassium, either singly or in combina- 

tion and alternate wetting and drying considerably increases the pH of normal 

the ®^lts in increasing 

mit ^I^'a 1 , IS produced only after the soluble salts have been washed 

out and the hydrolysis of adsorbed sodium or potassium has started. 

Sfi of potassium chloride and dipotassium hydrogen phos- 

phate are able to increase the pH of the water leachates. The 4tas1ium-soils 
potassium salts just as sodium soils by the addition of sodium 
salts under natural conditions and thus there is a possibility of the existence of 
potassium soils along with the sodium soils. J- “ cAisience or 
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2 . 


3. 

4. 

5. 

6 . 

7. 
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9. 
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COMPOSITION OF COBALT THIOCYANATE 
COMPLEX IN ACETONE 


By G. Sitaramaiah and C. L. Sanghi 

{Department of Chemistry, Birla College of Science, Pilani) 
Received on March 17, 1958 


The formation of tri- and tetra-thiocyanate complex of cobalt in acetone solutioiis 
was noticed by Katzin and Gebert^ and in relatively concentrated solutions ad 
unstable complex involving single thiocyanate was also detected. Babko and 
Drako^ reported the formation of two complexes Co (CNS)+ and Co (CNS) 4 — 
and failed to detect a trithiocyanate complex. In view of the conflicting evidence 
about the composition of the cobalt thiocyanate complex in acetone, a compre- 
hensive study of this reaction was undertaken and in the present communication 
the results of the colorimetric study are reported. 

All optical density and transmittance measurements were made with a Luine- 
tron photo-electric colorimeter (Photovolt Corporation, New York City, model 
S-48 A). Cobalt perchlorate was prepared from the carbonate and perchloric 
acid and recrystallised twice. The solid so obtained was cobalt perchlorate hexa- 
hydrate. Lithium thiocyanate was prepared by metathesis of potassium tixid- 
cyanate and lithium nitrate in acetone solution. The precipitated potasSiiltii 
nitrate was removed by centrifugation, and the thiocyanate concentration ^as 
determined by titration against a silver nitrate standard. All reagents used #erS 
of Analar quality. 

The monovariation method was used for investigating the nature of thfe 
complex formed. In this method the cobalt concentration is kept constant in 
a given volume of the solution and the lithium thiocyanate concentration was 
changed upto eight moles of thiocyanate for one mole of cobalt. On applying 
this technique to mixtures of cobalt perchlorate and lithium thiocyanate in acetone, 
over a concentration range of 0 • 001-0- 05 M Co++, the nature of the complex 
formed was found by plotting the optical density in different filters against the 
Co++:CNS“ molar ratio. 
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In dilute solutions of cobalt the formation of trithiocyanaie and tetrathio- 
cyanate complexes of cobalt was observed, as seen in Fig. 1. In relatively con- 
centrated solutions of cobalt the trithiocyanate complex only was throughout 
detected and the tetrathiocyanate complex does not seem to oa:ur in concentrated 
solutions of cobalt, as can be observed from Fig. 2. Thus our observations do 
not support the results of Babko and Drako {he. cit.) who did not detect the tri- 
thiocyanate complex; whereas the formation of this complex was observed by 
us throughout the concentration range of 0-00 1 -0*05 M of cobalt and in all the 
filters used. 
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PRELIMINARY STUDIES ON ALIGARH SOIL 

Chemical Analysis of Different Sofl Samples from the University Campus 
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The various physico-chemical properties of Aligarh soil seem to be very much 
influenced by the defective drainage of the water used for its irrigation. It 
appears that due to this defect the salts from the waters are continuously being 
added to soil resulting in an increase in the salinity. Considering this factor in 
view it was thought worthwhile to carry out an analysis of various soil samples 
from different areas in the University campus. The results on the amount of 
various cations like Ca, Al, Fe, Mg, K, Na and ammonium and anions, viz., 
silicate, COs, phosphate and nitrates and on the total water-soluble salts, 
water-holding capacity, carbon, nitrogen, loss on ignition and pH are com-' 
municated in this paper. 

Experimental 

Soil samples were collected from different places around the University, by 
digging a hole (diameter 6") upto 6", in the ground and obtaining the soil from 
five Such holes dug in the same field. The soil thus obtained was powdered, 
mixed thoroughly, passed through a 2 mm. sieve and a part of it was dried in air 
for about a week. Such soil samples were analysed for different constituents. 

(1) Analysis for cations and anions. — Ca, Na and K were estimated by the 
Flame photometer (Lange). A weighed amount of the soil was taken and dis- 
solved in concentrated HCl. The solution was analysed for Ca, Na and K by 
Flame photometer and iron by colorimeter (Lange) using ammonium sulphocyanide 
as colouring agent. Aluminium was estimated as AlgOg by precipitating Al (OH)^ 
and Fe (0H)3 and substracting the amount of FejOs from the weight of AI2O3 
and Fe203. The MCI insoluble portion was weighed and reported as Si02. Mg was 
estimated as pyrophosphate and phosphorus by the anunonium molybdate method. 
Carbonate was determined by passing the CO2 evolved (on treatment with H2S04) 
through standard baryta solution. The procedure adopted for the estimation of 
nitrate was that of leaching a weighed amount of soil (10 gm.) on a Buchner funnel 
by dilute H2SO4 solution. The leachate was boiled with MgO until it was reduced 
to half its original volume. The solution was cooled and zinc dust (5 gm.), 
caustic soda solution (30% 70 c.c.) and powdered iron (5 gm.) added in the above 
order. The solution was then distilled in a nitrogen distillation apparatus for 
about one hour and the evolved ammonia was collected in a standard HCl solu- 
tion. The solution was then titrated with NaOH solution of known concen- 
tration and as usual the amount of nitrate was calculated. For ammonia the 
soil was shaken with N NaCl solution and filtered. The soil was washed with 
N NaCl and the filtrate was boiled with magnesia and the evolved NH3 was 
absorbed in standard HCl and then titrated. 

The result for Si02, CO3, CaO, AI2O3, Fe^Os, MgO, K2O, Na20, P2O5, 
NOs and NH3 are given in Table I. 
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(2) Total nitrogen was estimated by Kjeldahl’s method using salicylic acid 
reduction method. The total carbon was estimated by the method of Robinson, 
Me Leau and Williams (4th Edn. Knowles & Watkins, p. 46). For water- 
soluble salts, weighed amount of soil was shaken with distilled water and filtered. 
The filtrate was evaporated to dryness and the solid weighed as total water-soluble 
salts. For loss on ignition a blank experiment was performed by igniting a 
weighed amount of the soil. 

(3) The water-holding capacity. — ^This was estimated by taking 200 gm. of 
soil sample on a filter-paper wetting it with water and then taking the weight 
after 5 hours. For pH measurements Lange’s Acidometer was used. The results 
for total carbon, nitrogen, water-soluble salts, loss on ignition, water-holding 
capacity and pH are given in Table II. 

Table II 


Sample No. 

Total Carbon 

Total 

Nitrogen 

W ater- 
soluble salts 

Loss on 
ignition 

Water 
holding ' 
capacity 

pH 

1 

0-45 

0-0808 

0-78 

4-71 

23*0 

6-8 

2 

0-293 

0-0721 

0-95 

3-57 

17-2 

7-0 

3 

0-186 

0-0321 

0-931 

2-6 

17-3 

6-9 

4 

0-603 

0-076 

0*13 

5-85 

33-2 

7-8 

5 

0'404 

0-012 

2-73 . 

3-47 

22-2 

9*3 

6 

0-586 

0-051 

0-98 

6*54 

26-6 

7-2 

7 

0-422 

0*063 

0-85 

3-52 

29-0 

7-8 

3 

0.-08 

0*093 

0-35 

1-44 

39-4 

7-6 

9 

0-095 , 

0-0825 

0-39 

1 1-68 

45-8 

7-3 

10 

0-34 

0-0123 

0-687 

0-944 

64-0 

7-4 

ii 

0-15 

0-0232 

0-0021 

1-112 

49-6 

7*1 

12 

0*34 

0-0543 

0-42 

2-276 

49-2 

7-05 

13 

0-468 

0*0768 

0*251 

4-41 

22-3 

7-02 

14 

0-312 

0-093 

0*231 

4-52 

28-3 

7*22 

15 

0-326 

0-0362 

0-624 

4-72 

53*3 

8-47 

16 

0-263 

0-046 

0*315 

4-86 

26-6 

7-62 

17 

0-3121 

0-0833 

0-187 

6-30 

23-6 

7-3 


Discussion 

The analysis of various samples tabulated above shows that our soil is 
deficient in nitrogen, phosphorus and carbon. This may be due to the salinity 
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of the soil which does not allow perennial grasses to grow in abundance. Hence 
organic matter and nitrogen which are added by the decay of grasses are not 
provided to the soil in adequate quantities. The increased amount of water, 
soluble salts confirms the postulate that the salts of irrigation water are being 
accumulated in our soil and arc not being leached away as the natural drainage 
is defective and no appropriate steps have been taken to make it efficient artificially. 
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